Poor spatial targeting of agri-environmental measures (AEMs) is frequently criticised as a major cause for insufficient biodiversity conservation effectiveness. For the horizontal measure organic farming (OF), targeting of remuneration is considered to be necessary because conservation effectiveness might be higher in structurally complex landscapes with high amounts of biodiversity related landscape features. In this article, we investigate the spatial congruence between OF and biodiversity related landscape features at the NUTS 3-regional level (Nomenclature of Territorial Units for Statistics) in Germany. Using principal component analysis and generalised least square models, we tested the predictor variable value for proportions of permanent pastures, (semi-) natural habitats, Natura 2000 sites, protected habitats and forests as well as the number of the total and endangered plant species. We found OF to be more prevalent in regions with favourable landscape conditions for increasing biodiversity on farmland, i.e. regions with higher proportion of permanent pastures, (semi-) natural habitats and protected habitats. Our results suggest that, at present, conservation potentially benefits from the general funding of OF in Germany without spatial targeting as OF is already concentrated in structurally complex landscapes. Given the assumption that targeted AEMs cause additional administrative efforts, the efficiency of the general funding seems to be sufficient.
Introduction
Agricultural expansion and intensification are two major factors driving habitat fragmentation, loss of biodiversity and ecosystem degradation (Green 1990; Fuller et al. 1995; Henle et al. 2008; Stoate et al. 2009; Gonthier et al. 2014) . To halt the ensuing degradation of agricultural ecosystems, agri-environmental measures (AEMs) were introduced into agricultural policy in the European Union (EU) (EC 2014) . AEMs are expected to counteract the negative effects of modern intensive agriculture (Kleijn & Sutherland 2003) by providing financial incentives for farmers to employ environmentally-friendly agricultural practices.
Two strategies for AEM implementation have been developed: targeted and horizontal measures (EC 2005) . Targeted measures focus on specific areas and environmental issues like protection of specific habitats or species and, therefore, make high demands on the farmers. Horizontal measures cover a wide area and include a large number of farmers with relatively modest demands on agricultural practices (EC 2005; Uthes et al. 2010) . The latter include general incentives for organic farming (OF), which aim for positive impacts on the environment through holistic production management (FAO 1999) . Such management reduces nutrient and pesticide emissions and maintains long-term soil fertility (Gomiero et al. 2011; Tuomisto et al. 2012) . Additionally, studies have confirmed positive effects of OF in preserving biodiversity, for instance, in terms of greater species richness (e.g. Hald 1999; Beecher et al. 2002; Hyvönen et al. 2003; Ekroos et al. 2010; Rundlöf et al. 2010) or higher species abundances (e.g. Holzschuh et al. 2008; Diekötter et al. 2010 ). This has also been shown in a number of meta-studies (Bengtsson et al. 2005; Hole et al. 2005; Tuomisto et al. 2012; Tuck et al. 2014) . However, studies also confirmed that conservation effectiveness of OF differs depending on the taxa studied (e.g. Fuller et al. 2005; Scheper et al. 2013) , the land use (Rundlöf et al. 2010; Marja et al. 2014 ) and the surrounding landscape (e.g. Benton et al. 2003; Roschewitz et al. 2005; Rundlöf & Smith 2006; Whittingham et al. 2007; Concepción et al. 2012) .
The effectiveness of horizontal AEMs has been increasingly questioned, especially in terms of biodiversity conservation (Kleijn et al. 2011; Pe'er et al. 2014; Batáry et al. 2015) . It is pronounced that horizontal AEMs need to be better designed and better targeted to biodiversity and environmental issues to improve habitat quality and conservation effectiveness (e.g. ECA 2011; Pywell et al. 2012) . Conservation effectiveness of OF is assumed to be the highest in extensively and structurally complex landscapes (cf. Kleijn et al. 2011) . This is due to the fact that these landscapes are likely to have, for example, higher densities of semi-natural habitats, like hedgerows and field margins, or smaller fields (e.g. Gibson et al. 2007; Norton et al. 2009 ) and harbour more species of conservation concern (Poiani et al. 2000; Scheper et al. 2013) . A targeted implementation of OF in structurally complex landscapes might therefore provide higher added values to biological conservation (e.g. through the stronger presence of endangered species) than implementing OF in intensive and structurally simple landscapes where it mainly enhances common generalist species (Scheper et al. 2013; Klimek et al. 2014; Schneider et al. 2014) .
Improving spatial targeting of horizontal measures like OF is also assumed to improve their cost-effectiveness because biodiversity effects are provided at lower costs than elsewhere (Haaren & Bathke 2008; Uthes et al. 2010) . Nevertheless, a more targeted implementation of AEMs associated with regional differentiation increases efforts for administration (Osterburg 2005) . For programming AEMs at the national level, this raises the question whether targeting of OF to structurally complex landscapes is required and worth the administrative effort, or whether OF is concentrated in structurally complex landscapes anyway. In the latter case, targeting might not be required because the spatial congruence might gain conservation effectiveness at less expenditure.
In this article, we present an approach to model spatial congruence between OF and nationwide available landscape features at the NUTS 3-regional level (Nomenclature of Territorial Units for Statistics; EP/CE 2003) in Germany. The NUTS 3-regional level is used for collecting and harmonising environmental, social, economic and territorial data in Europe and is, therefore, an appropriate level for breaking down EU regional policies (Eurostat 2011) and implementing AEMs (Bredemeier et al. 2015) . First, we identify available data at the NUTS 3-regional level that describes biodiversity related landscape features and test them for autocorrelations. We then address the question of whether there is a spatial congruence between the amount of OF and the identified landscape features. Finally, we answer the question of whether the present spatially untargeted funding of OF is already connected to potential benefits for biodiversity in structurally complex landscapes.
Methods

Data
We investigated the spatial distribution of OF in Germany (according to EC 2007) using data at the NUTS 3-regional level, which is available for the entire country. In the light of data availability, we analysed the spatial congruence between OF and a set of variables describing the main components of biodiversity and landscape complexity for that spatial level (ESAC 2005; Rusch et al. 2012) : land cover (agricultural area, small (semi-) natural habitats, permanent pastures, forest), nature protection (Natura 2000 sites, protected habitats), plant species richness (segetal and grassland species) and physiogeographic conditions (biogeographic regions) ( Table 1) . All variables were adjusted to the German NUTS 3-structuring for the year 2008 (BKG 2008) .
Plant species richness, although being only one aspect of biodiversity, is one of its central dimensions (Dengler 2009 ) and, therefore, a basic tool for evaluating and monitoring biodiversity (Gotelli & Colwell 2001; Matthies et al. 2015) . In agricultural landscapes, the species richness of segetal and grassland plants is frequently used for measuring the effects of AEM, especially that of OF, on biodiversity (e.g. Fuller et al. 2005; Storkey et al. 2012; Bredemeier et al. 2015) . The species richness of segetal and grassland plants is an important determinant of biodiversity because it affects various groups of species in agro-ecosystems, e.g. associated herbivores and their predators and parasitoids (Altieri 1994; Weibull et al. 2003; Hawes et al. 2010) .
Typical land cover parameters, which are known to have an effect on the biodiversity potential of a landscape, include the amount of (semi-) natural habitats, forests and permanent pastures (e.g. Berg 2002; Billeter et al. 2008; Hiron et al. 2013) . For example, (semi-) natural habitats (such as hedgerows and stream margins) play an important role in re-colonisation processes (Rusch et al. 2012) . The same applies to the amount of forests which, for example, influences the effects of low-intensity agriculture on the species richness of farmland birds (Wretenberg et al. 2010) . The amount of permanent pastures is important for various biodiversity functions. For example, permanent pastures are of great importance for bird abundance and species diversity in arable farming areas (Piha et al. 2007; Hiron et al. 2013) . Important indicators for conservation rely on data on the coverage of protected areas at various geographical scales, for instance the amount of protected habitats and conservation areas like Natura 2000 sites (Delbaere & Beltran 1999) .
The physical environment of a landscape has strong influences on its associated biodiversity (Forman & Godron 1986 ). In biogeography, the distribution of species and ecosystems in time and space are studied in consideration with the underlying biotic and abiotic factors, mechanisms and processes (Brown & Lomolino 1998) . Biogeographic regions encompass geological, morphologic and hydrologic characteristics in interaction with climatic and land use effects. Differences between biogeographic regions are reflected in varying fauna and flora (Kreft & Jetz 2010) . Thus, the analysis of biodiversity related landscape features should include the biogeographical context in order to provide an adequate understanding of biodiversity (Colwell & Coddington 1994; Schneider et al. 2014 ).
Statistical methods
To assess redundancy and reduce dimensionality, the variables describing land cover, nature protection and plant species richness (AgricArea, SemiNatHab, PermPasture, Forest, Nat2000, ProtHab, PlantSR, EndPlantSR, SegPlantSR, EndSegPlantSR) were analysed using principal component analysis (PCA) after standardisation (Venables & Ripley 2002) . The scores of the first to fourth component (explaining 84% of the total variance) were used as predictor variables in a generalised least square (GLS) model, with the log(x + 1)transformed OF as a response variable. Additionally, biogeographic regions (BR) were included as a categorical predictor variable in the GLS. In this model, possible dependencies among observations were modelled by assuming a spherical BfN (2012) ; j according to Ludwig and Schnittler (1996) ; k according to Meynen and Schmithüsen (1962) ; l BfN (2009). autocorrelation structure on the residuals (Pinheiro & Bates 2000) . This correlation structure was chosen by comparing Akaikes Information Criterion (AIC) among models with the same predictor variables fitted using Maximum Likelihood but which differed in respect to the assumed autocorrelation structures: independent, exponential, spherical, Gaussian, rational quadratic and linear (Pinheiro & Bates 2000) . Based on the fitted model, sequential F-tests were used to assess the overall significance of model terms (components 1-4 from PCA were added according to their importance in PCA and BR was once added before the components, once tested after the components). Estimates, standard errors and corresponding t-tests are shown for the slope parameters of the full model. Post hoc tests, with corrections for multiple comparisons between the BRs, were performed based on the parameter estimates of the GLS model (cf. Hothorn et al. 2008) . To illustrate the extent of autocorrelation before and after fitting explanatory variables, we additionally calculated estimates of Moran's I and corresponding significance tests with spatial weights based on the 5th to 20th nearest neighbours (Bivand 2014) .
Out of a total of 429 NUTS 3-regions, 65 regions were excluded from the analyses due to missing values. 21 of those regions dropped out of all analyses, including PCA, due to missing values in the variables PermPasture (n = 12), ProtHab (n = 8) and SemiNatHab (n = 1). The regions collectively accounted for 1.6% of the total area of Germany. The remaining 44 regions from this subset were included in the PCA but dropped out of all further analyses due to missing data on OF. These NUTS 3-regions accounted for 2.4% of the total area of Germany. Both groups predominantly consisted of small, usually urban regions, with an agricultural area below the median. Thus, the conclusions drawn from the statistical analyses might underrepresent small urban regions, even though the overall sample covered 96% of the area of Germany.
In order to illustrate to what extent the model describes the regional accumulation of OF, we graphically compared the amount of OF predicted by the model with the observed amount of OF at the NUTS 3-regional level. Data of observed amounts of OF were obtained from the German agricultural statistics (Destatis 2005a) .
Statistical analysis was performed in R 3.1.0 (R Core Team 2014), using the packages sp (Pebesma & Bivand 2005 ) and rgdal ) for projections of spatial coordinates. The package nlme (Pinheiro et al. 2014 ) was used for fitting and selecting the GLS models and for subsequent tests of model parameters. Multcomp (Hothorn et al. 2008 ) was used for multiple comparisons of GLS model parameters. The packages ggplot2 (Wickham 2009 ) and ggbiplot (Vu 2011) were used for creating graphs.
Results
Spatial correlations of biodiversity related landscape features
Biodiversity related landscape features showed spatial correlations at the NUTS 3-regional level in Germany. These correlations could be described by four substantial components obtained from PCA (Table 2) . Components 1-4 accounted for a cumulative variance of 84% in the ten original variables AgricArea, SemiNatHab, PermPasture, Forest, Nat2000, ProtHab, PlantSR, EndPlantSR, SegPlantSR and EndSegPlantSR. The remaining six components only explained a proportional variance of between >0% and 6% of the total variance. The loadings and proportions of explained variance derived from the PCA are shown in Table 2 . Component 1 described 41% of the variance and was negatively associated with the variables describing plant species richness and the species' status of endangerment. The four variables contributed with very similar weight to the first component. This indicated that the variables describing plant species richness were highly correlated across NUTS 3-regions. An increase in one of the variables was accompanied by a similar increase in the remaining three variables. We therefore interpreted this component as a descriptor of 'species poverty' as the north-western lowlands and the south-eastern uplands of Germany had lower plant species richness (Figure 1(a) ).
Component 2 accounted for 23% of the variance and was negatively associated with the amount of total agricultural area of the NUTS 3-regions. Additionally, component 2 was positively related to the amount of forests, small (semi-) natural habitats and permanent pastures (Figure 1(b) ). We therefore understood this as a descriptor of 'extensive agriculture'. Areas of rather extensive agriculture occurred in the southwestern uplands, in the Alpine region and also in the south of the federal state of Brandenburg. Component 3 depended strongly on the amount of protected habitats and Natura 2000 sites (Figure 1(c) ). It accounted for 11% of the variance of the original variables. We interpreted this as a descriptor of the 'nature protection status' for preserving biodiversity, i.e. the willingness to take appropriate measures at the political level to lay the foundation for extensive land use. A high amount of nature conservation areas, related to the total agricultural area, occurred mainly in the north of Germany and, especially, in the north-eastern lowlands. Areas with a low amount of nature conservation areas, in relation to the total agricultural area at the NUTS 3-regional level, were mainly located in the west, e.g. in the Ruhr district.
Component 4 described 8% of the total variance and confronted the amount of Natura 2000 sites with the amount of protected habitats. Both variables contributed with nearly equal weight to the characteristic of the component. We explained this as a methodological phenomenon. In Natura 2000 sites, protected habitats are usually included in datasets according to Appendix I of the Habitats Directive (cf. EC 1992) and are not documented in separate datasets. Thus, in NUTS-3 regions with large Natura 2000 sites, there were probably less protected habitats listed in the dataset.
The remaining six components accounted for the remaining 16% of the total variation and were excluded from further analysis.
Spatial congruence between OF and biodiversity related landscape features
The (log-transformed) raw data for the amount of OF, without regression of any explanatory variable, showed evidence of spatial autocorrelation. The semivariograms revealed signs of autocorrelation within distances of 100-250 km. The estimates for Moran's I were 0.31, 0.26 and 0.20 within 5, 10 and 20 nearest neighbours, and were significantly larger than expected under independence (p < 0.001) (see Appendix S1). However, after fitting the four components derived from PCA and the mean differences among NUTS 3-regions to the amounts of OF, semivariograms showed only limited or no obvious spatial autocorrelations among the residuals. The estimates for Moran's I were 0.07 (p = 0.0143), 0.04 (p = 0.0174) and 0.02 (p = 0.0716) when considering k = 5, 10 and 20 nearest neighbours, respectively. Component 2 showed a positive relationship to the amount of OF (p < 0.001) (Table 3) , i.e. high amounts of OF were found in NUTS 3-regions that had extensive land use (high amounts of forest areas, small (semi-) natural habitats, permanent pastures and/or low amounts of total agricultural area in relation to the NUTS 3-regions' total area). For component 3, a weak positive relationship was observed, i.e. higher amounts of OF coincided with higher amounts of nature conservation areas. However, this relation was not significant (p = 0.194) when accounting for all remaining effects in the GLS regression model.
In contrast, we found a clear negative relation between component 4 and the amount of OF at the NUTS 3-regional level (p < 0.001, Table 3 ). High amounts of OF coincided with high amounts of Natura 2000 sites. Compared with this, high amounts of protected habitats coincided with low amounts of OF. Concerning component 1, we found no significant relation with OF (p = 0.427).
Sequential F-tests of the terms in the GLS regression model revealed significant differences of OF between biogeographic regions after fitting components 1-4. Even if the mean differences between BR had first been fitted, component 2 and component 4 still showed a significant relationship to the amount of OF (identical sign and magnitude of estimated regression slopes). The relation of component 1 and component 3 with OF is ambiguous: their interpretation changed depending on whether mean differences of OF between BRs were taken into account or not (see Appendix S2 and S3). The congruence between high amounts of protected areas and OF could at least partly be described with regional differences concerning the amount of OF (Table 4) . 
Observed vs. predicted amount of OF
A comparison of the model predictions with the current occurrence of OF in Germany revealed that the model described, at least in general terms, its regional distribution.
In the year 2005, NUTS 3-regions with above-average amounts of OF occurred in the north-eastern parts of Germany and in low mountain ranges (e.g. the Taunus and Westerwald) as well as in the Alpine region (Figure 2(a) ). As a result of the GLS-regression, we found a positive correlation between observed and estimated amounts of OF at the NUTS 3-regional level (Figure 2(b) ). The predicted aboveand below-average areas of OF were located approximately in the same position. Only in some NUTS 3-regions OF was overestimated, for example, in north-western Germany and in the southern parts of eastern Germany.
Discussion
The current study examines the spatial distribution of OF in Germany and its congruence with landscape features that reflect the biodiversity potential of a landscape. We found that OF is concentrated in NUTS 3-regions with rather extensive agriculture and high natural habitat heterogeneity. High amounts of OF typically appear with high amounts of permanent pastures, small (semi-) natural habitats and forests, which are considered to be appropriate indicators of biodiversity in agro-ecosystems (Billeter et al. 2008; Wretenberg et al. 2010; Birrer et al. 2014) . Moreover, OF accumulates in NUTS 3-regions with high amounts of nature conservation areas, i.e. Natura 2000 sites and protected habitats. The amount of OF differs between biogeographic regions. More specifically, the comparisons of biogeographic regions revealed that north-eastern Germany (NOT) and the Alpine regions (AAV) showed significantly higher amounts of OF than the north-western lowlands (NWT) and the eastern uplands (OM). Thus, our findings are consistent with previous studies by Bichler et al. (2003) , Rundlöf and Smith (2006) and Gabriel et al. (2009) who examined the agglomeration effect of selected environmental, operational, socio-economic and political factors determining the spatial distribution of OF in Germany and in other European countries. The identified congruence between OF and biodiversity related landscape features reveals differences at the NUTS 3regional level. The area considered in the NUTS 3-regions ranged between 40 and 3000 km 2 . Relations or congruence among variables that may be obvious on a local scale may be concealed when considering only the sums and means of these variables at the regional scale. The GLS model used to assess the relation between OF and the landscape features included only linear effects and mean differences, whereas true underlying relations may be non-linear. However, in visual assessments of the models' plotted residuals versus single predictor variables, we found no evidence for clear deviations from linearity. Added quadratic terms were not significant in initial analyses using linear models. Moreover, some of the predictor variables in percentage scales were skewed to the right. This could possibly be due to a strong influence of a few extreme values in the PCA and on the regression slopes in the GLS model. Another reason might be the insufficient fit of observations with percentage values closer to 0. However, rerunning the analysis after a logtransformation of the skewed variables led to very similar loadings and explained variance in the PCA. The same major conclusions were found in the GLS model.
In this study, we analysed the spatial congruence between OF and twelve variables describing land cover, nature protection, plant species richness and physiogeographic conditions. In order to describe the main components of biodiversity and landscape complexity, additional indicators like bird species richness (e.g. Fischer et al. 2011) or crop type heterogeneity (e.g. Bredemeier et al. 2015) could also have been appropriate variables. However, the model shows a good approximation of the results. This is reflected by the positive correlation evident Figure 2 . Observed amounts of OF at the NUTS 3-regional level (a) in comparison to predicted amounts of OF (GLS-regression) (b) (grey = no data available) (data source for the observed amounts of OF: Destatis 2005a; data source for the German administrative boundaries: BKG 2008). between the observed and estimated amounts of OF at the NUTS 3-regional level. But note that based on the data available and on the analyses conducted, it is impossible to predict any causal relationship between OF and landscape conditions. However, for decisions about funding of OF we presume that it is not relevant whether there is such causal relationship as long as OF is spatially congruent with structurally complex landscapes and the assumed potential benefits for biodiversity.
Despite the good approximation of predicted and observed results, spatial congruence between OF and plant species richness could not be determined. This may be due to inaccuracies relating to the raster-based data source and its resolution (11 × 11 km). A more differentiated data source would be advisable in order to uncover potential spatial congruence between OF and plant species richness. However, on the German federal level datasets with better resolution are not presently available. Nevertheless, the current study shows that key assumptions concerning the German federal level could also be feasible using data of lower resolution, i.e. at the NUTS 3-regional level, if autocorrelations in the existing datasets are considered.
To overcome limitations in data availability, for example, of species distributions, landscape features and land use, other studies applied modelling approaches using high resolution data (e.g. Gottschalk et al. 2010; Klimek et al. 2014) to project assumed effects to higher spatial levels. Such complex modelling approaches tend to produce results that show the same patterned complexity as the real system (White & Engelen 2000) . Due to the complexity of interactions between considered scales (e.g. between farm and regional scale) and components within each scale (e.g. between fields or farms), those approaches have high data requirements, for example, regarding the data handling (Ewert et al. 2011 ) Therefore, they might not realistically to be implemented on large scales.
At the outset, we stated that for the horizontal measure OF, targeting of remuneration is considered to be necessary because conservation effectiveness might be higher in structurally complex landscapes due to biodiversity benefits from both the availability of source habitats and environmentally-friendly agricultural practices. Our results suggest that, at present, conservation potentially benefits from the general funding of OF in Germany without spatial targeting as OF is already concentrated in such landscapes. Given the assumption that targeted AEMs cause additional administrative efforts, the efficiency of the current general funding seems to be sufficient. The results of our spatial analysis may also be used as an initial indication for defining project areas (cf. Hodge et al. 2015) for targeted and more ambitious biodiversity oriented AEMs. These AEMs could profit from the beneficial preconditions caused by the favourable landscape conditions in congruence with relatively high amounts of OF.
